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ELECTRO-OPTIC DISPLAYS, AND COLOR 
FILTERS FOR USE THEREN 

REFERENCE TO RELATED APPLICATIONS 

0001. This application claims benefit of copending appli 
cation Ser. No. 61/038,523, filed Mar. 21, 2008. 
0002 This application is related to: 
0003 (a) copending application Ser. No. 10/817.464, 
filed Apr. 2, 2004 (Publication No. 2004/0190114), 
which is a continuation of abandoned application Ser. 
No. 09/349,806, filed Jul. 8, 1999 and claiming benefit 
of application Ser. No. 60/092,050, filed Jul. 8, 1998: 

0004 (b) U.S. Pat. No. 6,864,875; and 
0005 (c) U.S. Pat. No. 7,075,502. 

0006. The entire contents of these copending application 
and patents, and of all other U.S. patents and published and 
copending applications mentioned below, are herein incorpo 
rated by reference. 

BACKGROUND OF INVENTION 

0007. This invention relates to electro-optic displays and 
color filters for use in such displays. 
0008. The term “electro-optic', as applied to a material or 
a display, is used herein in its conventional meaning in the 
imaging art to refer to a material having first and second 
display states differing in at least one optical property, the 
material being changed from its first to its second display state 
by application of an electric field to the material. Although the 
optical property is typically color perceptible to the human 
eye, it may be another optical property, Such as optical trans 
mission, reflectance, luminescence or, in the case of displays 
intended for machine reading, pseudo-color in the sense of a 
change in reflectance of electromagnetic wavelengths outside 
the visible range. 
0009. The terms “bistable” and “bistability” are used 
herein in their conventional meaning in the art to refer to 
displays comprising display elements having first and second 
display states differing in at least one optical property, and 
Such that after any given element has been driven, by means of 
an addressing pulse offinite duration, to assume eitherits first 
or second display state, after the addressing pulse has termi 
nated, that state will persist for at least several times, for 
example at least four times, the minimum duration of the 
addressing pulse required to change the state of the display 
element. It is shown in U.S. Pat. No. 7,170,670 that some 
particle-based electrophoretic displays capable of gray Scale 
are stable not only in their extreme black and white states but 
also in their intermediate gray states, and the same is true of 
Some other types of electro-optic displays. This type of dis 
play is properly called “multi-stable' rather than bistable, 
although for convenience the term “bistable' may be used 
herein to cover both bistable and multi-stable displays. 
0010 Several types of electro-optic displays are known. 
One type of electro-optic display is a rotating bichromal 
member type as described, for example, in U.S. Pat. Nos. 
5,808,783; 5,777,782; 5,760,761; 6,054,071 6,055,091; 
6,097.531; 6,128,124; 6,137,467; and 6,147,791 (although 
this type of display is often referred to as a "rotating bichro 
mal ball display, the term "rotating bichromal member is 
preferred as more accurate since in some of the patents men 
tioned above the rotating members are not spherical). Such a 
display uses a large number of small bodies (typically spheri 
cal or cylindrical) which have two or more sections with 
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differing optical characteristics, and an internal dipole. These 
bodies are suspended within liquid-filled vacuoles within a 
matrix, the vacuoles being filled with liquid so that the bodies 
are free to rotate. The appearance of the display is changed by 
applying an electric field thereto, thus rotating the bodies to 
various positions and varying which of the sections of the 
bodies is seen through a viewing Surface. This type of 
medium is typically bistable. 
0011. Another type of electro-optic display uses an elec 
trochromic medium, for example an electrochromic medium 
in the form of a nanochromic film comprising an electrode 
formed at least in part from a semi-conducting metal oxide 
and a plurality of dye molecules capable of reversible color 
change attached to the electrode; see, for example O'Regan, 
B., et al., Nature 1991, 353, 737; and Wood, D., Information 
Display, 18(3), 24 (March 2002). See also Bach, U., et al., 
Adv. Mater. 2002, 14(11), 845. Nanochromic films of this 
type are also described, for example, in U.S. Pat. Nos. 6,301, 
038; 6,870,657; and 6,950,220. This type of medium is also 
typically bistable. 
0012 Another type of electro-optic display is an electro 
wetting display developed by Philips and described in Hayes, 
R. A., et al., “Video-Speed Electronic Paper Based on Elec 
trowetting, Nature, 425, 383-385 (2003). It is shown in 
copending application Ser. No. 10/711,802, filed Oct. 6, 2004 
(Publication No. 2005/0151709), that such electro-wetting 
displays can be made bistable. 
0013. One type of electro-optic display, which has been 
the subject of intense research and development for a number 
of years, is the particle-based electrophoretic display, in 
which a plurality of charged particles move through a fluid 
under the influence of an electric field. Electrophoretic dis 
plays can have attributes of good brightness and contrast, 
wide viewing angles, state bistability, and low power con 
Sumption when compared with liquid crystal displayS. Nev 
ertheless, problems with the long-term image quality of these 
displays have prevented their widespread usage. For example, 
particles that make up electrophoretic displays tend to settle, 
resulting in inadequate service-life for these displays. 
0014. As noted above, electrophoretic media require the 
presence of a fluid. In most prior art electrophoretic media, 
this fluid is a liquid, but electrophoretic media can be pro 
duced using gaseous fluids; see, for example, Kitamura, T., et 
al., “Electrical toner movement for electronic paper-like dis 
play”, IDW Japan, 2001, Paper HCS1-1, and Yamaguchi, Y., 
et al., “Toner display using insulative particles charged tri 
boelectrically, IDW Japan, 2001, Paper AMD4-4). See also 
U.S. Patent Publication No. 2005/0001810; European Patent 
Applications 1,462,847; 1,482,354; 1,484,635; 1,500,971; 
1,501, 194; 1,536,271; 1,542,067; 1,577,702: 1577,703; and 
1,598,694; and International Applications WO 2004/090626; 
WO 2004/0794.42; and WO 2004/001498. Such gas-based 
electrophoretic media appear to be susceptible to the same 
types of problems due to particle settling as liquid-based 
electrophoretic media, when the media are used in an orien 
tation which permits such settling, for example in a sign 
where the medium is disposed in a vertical plane. Indeed, 
particle settling appears to be a more serious problem in 
gas-based electrophoretic media than in liquid-based ones, 
since the lower viscosity of gaseous Suspending fluids as 
compared with liquid ones allows more rapid settling of the 
electrophoretic particles. 
0015 Numerous patents and applications assigned to or in 
the names of the Massachusetts Institute of Technology 
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(MIT) and E Ink Corporation describe various technologies 
used in encapsulated electrophoretic and other electro-optic 
media. Such encapsulated media comprise numerous Small 
capsules, each of which itself comprises an internal phase 
containing electrophoretically-mobile particles in a fluid 
medium, and a capsule wall Surrounding the internal phase. 
Typically, the capsules are themselves held within a poly 
meric binder to form a coherent layer positioned between two 
electrodes. The technologies described in the these patents 
and applications include: 

0016 (a) Electrophoretic particles, fluids and fluid 
additives; see for example U.S. Pat. No. 7,002,728 and 
U.S. Patent Application Publication No. 2007/0146310; 

0017 (b) Capsules, binders and encapsulation pro 
cesses; see for example U.S. Pat. Nos. 6,922,276 and 
7,411,719; 

0018 (c) Films and sub-assemblies containing electro 
optic materials; see for example U.S. Pat. No. 6,982,178 
and U.S. Patent Application Publication No. 2007/ 
0.109219; 

0019 (d) Backplanes, adhesive layers and other auxil 
iary layers and methods used in displays; see for 
example U.S. Pat. No. 7,116,318 and U.S. Patent Appli 
cation Publication No. 2007/0035808: 

0020 (e) Color formation and coloradjustment; see for 
example U.S. Pat. Nos. 6,017.584; 6,664,944; 6,864, 
875; 7,075,502; and 7,167,155; and U.S. Patent Appli 
cations Publication Nos. 2004/0190114; 2004/0263947; 
2007/0109219; 2007/0223079; 2008/0023332: 2008/ 
0043318; and 2008/0048970; 

0021 (f) Methods for driving displays; see for example 
U.S. Pat. No. 7,012,600 and U.S. Patent Application 
Publication No. 2006/0262060; 

0022 (g) Applications of displays; see for example U.S. 
Pat. No. 7,312,784 and U.S. Patent Application Publica 
tion No. 2006/0279527; and 

0023 (h) Non-electrophoretic displays, as described in 
U.S. Pat. Nos. 6,241,921; 6,950,220; and 7,420,549. 

0024 Many of the aforementioned patents and applica 
tions recognize that the walls Surrounding the discrete micro 
capsules in an encapsulated electrophoretic medium could be 
replaced by a continuous phase, thus producing a so-called 
polymer-dispersed electrophoretic display, in which the elec 
trophoretic medium comprises a plurality of discrete droplets 
of an electrophoretic fluid and a continuous phase of a poly 
meric material, and that the discrete droplets of electro 
phoretic fluid within such a polymer-dispersed electro 
phoretic display may be regarded as capsules or 
microcapsules even though no discrete capsule membrane is 
associated with each individual droplet; see for example, the 
aforementioned U.S. Pat. No. 6,866,760. Accordingly, for 
purposes of the present application, such polymer-dispersed 
electrophoretic media are regarded as Sub-species of encap 
Sulated electrophoretic media. 
0025 A related type of electrophoretic display is a so 
called “microcell electrophoretic display”. In a microcell 
electrophoretic display, the charged particles and the fluid are 
not encapsulated within microcapsules but instead are 
retained within a plurality of cavities formed within a carrier 
medium, typically a polymeric film. See, for example, U.S. 
Pat. Nos. 6,672.921 and 6,788,449, both assigned to Sipix 
Imaging, Inc. 
0026. Although electrophoretic media are often opaque 
(since, for example, in many electrophoretic media, the par 
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ticles substantially block transmission of visible light through 
the display) and operate in a reflective mode, many electro 
phoretic displays can be made to operate in a so-called 'shut 
ter mode” in which one display state is substantially opaque 
and one is light-transmissive. See, for example, U.S. Pat. Nos. 
6,130,774 and 6,172,798, and U.S. Pat. Nos. 5,872,552: 
6,144,361; 6,271,823; 6,225,971; and 6,184,856. Dielectro 
phoretic displays, which are similar to electrophoretic dis 
plays but rely upon variations in electric field strength, can 
operate in a similar mode; see U.S. Pat. No. 4,418,346. Other 
types of electro-optic displays may also be capable of oper 
ating in shutter mode. 
0027. An encapsulated electrophoretic display typically 
does not suffer from the clustering and settling failure mode 
of traditional electrophoretic devices and provides further 
advantages. Such as the ability to print or coat the display on 
a wide variety of flexible and rigid substrates. (Use of the 
word “printing is intended to include all forms of printing 
and coating, including, but without limitation: pre-metered 
coatings such as patch die coating, slot or extrusion coating, 
slide or cascade coating, curtain coating; roll coating Such as 
knife over roll coating, forward and reverse roll coating: 
gravure coating; dip coating; spray coating; meniscus coat 
ing; spin coating; brush coating; air knife coating; silk screen 
printing processes; electrostatic printing processes; thermal 
printing processes; inkjet printing processes; electrophoretic 
deposition (see U.S. Pat. No. 7,339,715); and other similar 
techniques.) Thus, the resulting display can be flexible. Fur 
ther, because the display medium can be printed (using a 
variety of methods), the display itself can be made inexpen 
sively. 
0028. Other types of electro-optic media may also be use 
ful in the present invention. 
0029 Many types of electro-optic media are essentially 
monochrome, in the sense that any given medium has two 
extreme optical states and a range of gray levels lying 
between the two extreme optical states. As already indicated, 
the two extreme optical states need not be black and white. 
For example, one extreme optical state can be white and the 
other dark blue, so that the intermediate gray levels will be 
varying shades of blue, or one extreme optical state can be red 
and the other blue, so that the intermediate gray levels will be 
varying shades of purple. 
0030 There is today an increasing demand for full color 
displays, even for Small, portable displays; for example, most 
displays on cellular telephones are today full color. To pro 
vide a full color display using monochrome media, it is either 
necessary to place a color filter array where the display can be 
viewed through the color filter array, or to place areas of 
different electro-optic media capable of displaying different 
colors adjacent one another. 
0031 FIG. 1 of the accompanying drawings is a schematic 
section through a color electrophoretic display (generally 
designated 100) comprising a backplane 102 bearing a plu 
rality of pixel electrodes 104. To this backplane 102 has been 
laminated an inverted front plane laminate as described in the 
aforementioned 2007/0109219, this inverted front plane 
laminate comprising a monochrome electrophoretic medium 
layer 106 having black and white extreme optical states, an 
adhesive layer 108, a color filter array 110 having red, green 
and blue areas aligned with the pixel electrodes 104, a sub 
stantially transparent conductive layer 112 (typically formed 
from indium-tin-oxide, ITO) and a front protective layer 114. 
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0032. In the display 100, the electrophoretic layer 106 is of 
course not 100 percent reflective, and the saturation of the 
color filter elements in the array 110 must be reduced to allow 
enough light to pass through the array 110, reflect from the 
electrophoretic layer 106, and return through the array 110. 
However, using a color filter array does enable a single black/ 
white electro-optic medium to provide a full color display, 
and it is typically easier to control the color gamut of a display 
by varying the colors in a color filter array than by varying the 
colors of electro-optic media, there being far more materials 
available for use in color filter arrays than in most electro 
optic media. 
0033. The color filter array shown in FIG. 1 is an RGB 
color filter. It is known that improved contrast can be obtained 
from a filter if a white pixel is included, thus producing an 
RGBW filter. However, it has been found that when an 
RGBW filter is used with an electro-optic display and the red, 
green and blue pixels use reasonably Saturated red, green and 
blue colors, the white state of the display is rather poor. It has 
been suggested that a CMY (cyan/magenta/yellow) filter, 
similar to the CMY printing systems used in the color printing 
industry, be used in place of the RGB filter. In color printing, 
the cyan, magenta and yellow inks can overlap, so the result 
ant print can provide well Saturated colors using a Subtractive 
color mode. No such overlap is possible in a color filter used 
with an electro-optic display, because the cyan, magenta and 
yellow pixels lie alongside each other and do not overlap. It 
has been found that using a CMYW (cyan/magenta/yellow/ 
white) color filter in place of an RGBW color filter improves 
the white state of the display but causes red, green and blue 
colors to look desaturated, i.e., “washed out'. 
0034. Accordingly, there is a need for improved color filter 
arrays in electro-optic displays, and this invention seeks to 
provide Such improved color filter arrays, and displays con 
taining Such color filters. This invention also seeks to provide 
a method for mapping RGB color images for use with the 
color filter arrays of the present invention. 

SUMMARY OF THE INVENTION 

0035. It has now been found that the appearance of color 
images on electro-optic displays can be improved by using a 
new set of primary colors, this new set of primary colors being 
formed by mixing RGB and YCM primary colors in that 
precise order. The result of using the new set of primary colors 
is a compromise between the aforementioned properties of 
RGB and CMY primaries; more specifically, the new set of 
primaries produces red, green and blue color Saturation 
greater than that achieved by CMY primaries, while produc 
ing a white state better than that achieved with RGB prima 
ries, and the resulting properties render color images more 
attractive to the human eye than those achieved with either 
RGB or CMY primaries. The use of a white pixel is still 
highly desirable to maintain adequate contrast. 
0036. Accordingly, in one aspect this invention provides a 
color filter array comprising a plurality of pixels, each of the 
pixels comprising: 

0037 an orange sub-pixel having a hue within the range 
of 25 to 65° in the ab: plane of the Lab color space: 

0038 a lime sub-pixel having a hue within the range of 
145 to 185° in said ab plane; and 

0039 a purple sub-pixel having a hue within the range 
of 265 to 305° in said ab plane. 

In a preferred form of such a color filter, each orange sub 
pixel has a hue within the range of 35 to 55° (most desirably 
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40 to 50°) in the ab plane, each lime sub-pixel has a hue 
within the range of 155 to 175° (most desirably 160 to 170°) 
in the ab plane; and each purple sub-pixel has a hue within 
the range of 275 to 295 (most desirably 280 to 290°) in the 
ab plane. Each pixel may further comprise a white sub 
pixel. Obviously, the color gamut of the color filter is affected 
by the chrominance of the orange, lime and purple and it is 
desirable that, for each of the orange, line and purple Sub 
pixels, thea and b* coordinates satisfy the relationship: 

(a)2+(b*)?225 

and preferably: 
(a)2+(b*)?-100. 

For reasons explained below, it is desirable that the angles 
between the orange, lime and purple sub-pixels in the ab 
plane all fall within the range of 120+5°. 
0040. This invention extends to an electro-optic display 
provided with a color filter of the present invention. This 
invention is particularly, though not exclusively intended for 
use in Such displays having an electro-optic medium which is 
reflective, such that light passes through the color filter, is 
reflected from the electro-optic medium, and passes back 
through the color filter to an observer. The electro-optic dis 
play may make use of any of the types of electro-optic 
medium discussed above. Thus, the electro-optic material 
may comprise a rotating bichromal member or electrochro 
mic material. Alternatively, the electro-optic material may 
comprise an electrophoretic material comprising a plurality 
of electrically charged particles disposed in a fluid and 
capable of moving through the fluid under the influence of an 
electric field. The electrically charged particles and the fluid 
may be confined with a plurality of capsules or microcells. 
Alternatively, the electrically charged particles and the fluid 
may be present as a plurality of discrete droplets Surrounded 
by a continuous phase comprising a polymeric material. The 
fluid may be liquid or gaseous. 
0041. This invention extends to an electronic book reader, 
portable computer, tablet computer, cellular telephone, Smart 
card, sign, watch, shelf label or flash drive comprising a 
display of the present invention. 
0042. Obviously, it is necessary to be able to convert RGB 
image data for use with the color filters of the present inven 
tion. The method set out in the following paragraph is 
designed for use with color filters of the present invention 
which have white sub-pixels and can readily be modified by 
those skilled in the art for use with color filters lacking such 
white sub-pixels. 
0043. Accordingly, this invention provides a method of 
converting an RGB image for display on a display according 
to claim 12, the method comprising, for each pixel: 

0044 (a) estimating the cyan, magenta and yellow val 
ues corresponding to the RGB values: 

0.045 (b) determining the lowest of the cyan, magenta 
and yellow values estimated in step (a), and Subtracting 
this lowest value from each of the cyan, magenta and 
yellow values estimated in step (a) to provide modified 
cyan, magenta and yellow values: 

0046 (c) determining the lowest of the red, green and 
blue values, and adding this lowest value to the modified 
cyan, magenta and yellow values calculated in step (b) to 
produce final cyan, magenta and yellows values C. M 
and Y respectively; 
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0047 (d) obtaining the orange, lime and purple values 
using weighted averages of the red and yellow, green and 
cyan, and blue and magenta Values respectively; and 

0048 (e) setting the white value to a weighted average 
of the lowest of the red, green and blue values and the 
lowest of the final cyan, magenta and yellows values C. 
M and Y. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0049. As already mentioned, FIG. 1 of the accompanying 
drawings is a schematic section through a color electro 
phoretic display. 
0050 FIG. 2 is a graph showing the variation of certain 
properties of a display of the present invention as functions of 
the exact orange primary used. 
0051 FIG. 3 is a color diagram showing in Lab space 
the red, green, blue, cyan magenta and yellow colors obtain 
able using a color filter array of the present invention. 

DETAILED DESCRIPTION 

0052. As already mentioned, the present invention pro 
vides color filters based upon orange, lime and purple prima 
ries; thus the color filters of the present invention will be 
referred to as “OLP” color filters, or “OLPW' if the color 
filters incorporate white sub-pixels. The present invention 
also provides electro-optic displays using such color filters 
and methods for converting RGB image data for use with such 
color filters. 
0053 As already indicated, the primaries used in the color 

filters of the present invention are produced by mixing 
weighted amounts of the relevant primaries from the RGB 
and YCM sets (in that order), so that the primaries may be 
defined as: 

0054 Orange—a mixture of Red and Yellow 
0055 Lime—a mixture of Green and Cyan 
0056 Grape—a mixture of Blue and Magenta. 

0057 The new primaries can be produced by blending the 
RGB and YCM primaries in different proportions depending 
upon the desired color gamut and contrast requirements. 
Optimization of the blending can be achieved by changing the 
proportions of the RGB and YCM primaries in a manner that 
effectively rotates the primaries to achieve the best balance in 
the saturation of the individual RGBCMY colors available 
from the color filter. For example, the new orange (0), lime (L) 
and purple (P) primaries used in the present invention can be 
generally defined by: 

where each of C, through C is a constant, and the ratios 
C.C. C.C. and C.S.C. are chosen so that the orange Sub 
pixel has a hue within the range of 25 to 65°, the lime sub 
pixel has a hue within the range of 145 to 185, and the purple 
sub-pixel has a hue within the range of 265 to 305° in the ab 
plane (which implies that each of the ratios C.: C, O.C. and 
Clso falls within the range of about 1:2.3 to 2.3:1). The 
optimum ratios depend on the desired balance between maxi 
mum gamut and the ability to match a standard set of colors. 
In general, it is preferred to use an orange primary having a 
hue corresponding to 45° in the ab plane. 
0058 FIG. 2 of the accompanying drawings is a graph 
showing the variation of color goal distance (i.e., the extent of 
inability to provide a set of standard red, green, blue, cyan, 
magenta and yellow colors, calculated according to the CIE 
DE 2000 standard—see, for example, www.brucelindbloom. 
com/index.html?Eqn DeltaE CIE2000.html), saturation 
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and color gamut as a function of hue angle rotation for a 
typical color filter of the present invention, where Zero hue 
angle rotation corresponds to an orange primary having a hue 
corresponding to 45° in the ab plane (corresponding to 
C=O in the equation given above). It will be seen from FIG. 
2 that although the goal distance reaches a minimum at the 
Zero hue angle rotation (i.e., when the orange primary lies at 
a hue of 45° in the ab plane), both saturation and color 
gamut increase at slightly negative hue angle rotations. 
Accordingly, in applications where Saturation and/or color 
gamut are considered to be of equal or greater importance 
than goal distance, it may be advantageous to use a hue angle 
rotation of about -10 to about -15°, corresponding to an 
orange primary having a hue corresponding to 30 to 35° in the 
ab plane, oran C. ?o range of about 1.4 to 1.7. Note that 
positive hueangle rotations are to avoided, since it can be seen 
from FIG. 2 that increasing the hue angle rotation above zero 
results in increase in goal distance and decreases in both 
saturation and color gamut, all of which are undesirable. 
0059. It is typically desirable that the selected primaries 
fall exactly 120+5° apart in hue angle so that the “white' state 
of the display is essentially a neutral gray. This may be 
achieved by ensuring that the same C.:C2, Cls.C. and C.S.C. 
ratios are used in the calculation of each of the OLP primaries. 
The precise location of the primaries may be selected to 
obtain a desirable white point for the white state of the dis 
play. In particular, it is well known to those skilled in color 
Science that many people prefer a slight blue hue over a 
strictly neutral gray in the white state of a display, but strongly 
dislike any hint of a red or green hue in the white state. 
0060. The OLP(W) primaries can also be desaturated 
slightly to improve the white state, but at Some cost in color 
richness. 
0061. As will readily be apparent to those skilled in the 
image art, proper conversion of RGB images (which is the 
form in which most images are stored by computers) to the 
new primaries provided by this invention is crucial to take full 
advantage of the color gamut of the display. The preferred 
method for converting RGB images to OPLW primaries is as 
follows: 

0062 1. Estimate the Cyan, Magenta and Yellow values 
by adding their complementary primaries: 

These formulas may be adjusted to improve color rendering; 
for example one could use different ratios of red and green for 
the yellow. Note that the resultant value may in some cases 
exceed the allowable maximum value of any color channel, 
typically 255. 

0063. 2. Determine the lowest of the c', m'ory' values 
determined in Step 1 (this lowest value being denoted 
“min(c', m', y)), and subtract this minimum from each 
of the values calculated in Step 1 to produce revised 
cyan, magenta and yellow values denoted c", m" and y"; 
thus: 

0064 3. Determine the lowest of the R, G and B values 
(denoted “min(RGB) essentially this minimum rep 
resents the gray component of the original RGB image) 
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and add this minimum value to the modified cyan, 
magenta and yellow values determined in Step 2 to 
obtain final values cyan, magenta and yellows values C. 
M and Y respectively, as follows: 

0065. 4. Obtain the Purple, Lime and Orange colors, 
usinge the average of the RGB and YCM primaries, as 
set out above: 

(Obviously, if modified OPLW primaries, with C.:C., C.C. 
and C.C. other than 1, are to be used, the appropriate formu 
lae for such modified primaries should be used in this Step.) 

0.066 5. The White pixel value can be approximated by: 

W-mind OLP). 

0067. The use of OPLW or modified OPLW primaries as 
described above allows for a balanced composition of red, 
green, blue, cyan, magenta, and yellow colors because each of 
these colors is displayed using a single pixel from the array, 
plus a neighbor at half the white reflectance. The effective 
area of the display color is thus 25+25/2=37.5 percent. Thus, 
the effective area is greater than one third of the area of the 
display, thus more than compensating for the effect of intro 
ducing a white pixel. The resulting colors produce an image 
which is a pleasing compromise where maximum color 
gamut is achieved without sacrificing contrast. 
0068. Furthermore, OPLW color filter arrays allow for 
balanced display of red, green, blue, cyan, magenta and yel 
low colors in a manner which conventional RGBW or 
CMYW color filter arrays do not. FIG. 3 shows the results 
obtained by modeling an OPLW color filter array of the 
present invention using the known spectral characteristics of 
set of RGB and CMY dyes, and assuming that the OPL color 
filter elements using equal amounts of the two relevant dyes. 
(Note that this is likely to be a less than optimum model; dye 
sets developed specifically for OPL color filter elements are 
likely to give better results than mixtures of dye sets originally 
developed for use with other primaries.) From FIG.3 it will be 
seen that the color filter array of the present invention is 
capable of achieving colors (at the inward ends of the lines in 
FIG.3) which, while less saturated that the desirable goals for 
display of red, green, blue, cyan, magenta and yellow colors 
(as indicated at the outward ends of the lines) were well 
balanced, and had good L* values. This balanced color dis 
play by the color filter array of the present invention is in 
marked contrast to conventional RGBW color filter arrays 
(which produce good red, green and blue colors but poor 
cyan, magenta and yellow colors) and to conventional 
CMYW color filter arrays (which produce good cyan, 
magenta and yellow colors but poor red, green and blue 
colors). 
0069. The use of OPLW or modified OPLW primaries as 
described above is not confined to bistable electro-optic dis 
plays; these primaries can be used in the color filters of liquid 
crystal displays, where they can be used to improve contrast 
while maintaining a large color gamut, thus reducing power 
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requirements for front or back lights. It will typically be 
desirable to tune the spectrum of the front or back light when 
using OPLW or modified OPLW primaries. 
0070. The method described above for conversion of RGB 
images for display using OPLW or modified OPLW primaries 
is computationally simple and elegant, and yields visually 
pleasing images that combine the high transmittance of a 
CMY color filter with the high saturation of an RGB color 
filter. As already noted, this conversion method should be 
adjusted for the precise blend of color filter array primaries 
when modified OPLW primaries are used. 
0071. In summary, the present invention provides an 
improved white state of a color display with only minor 
impact on the Saturation of basic colors, provides balanced 
rendering of color and better apparent saturation, and can 
provide energy savings when front or back lighting is used. 
0072) Numerous changes and modifications can be made 
in the preferred embodiments of the present invention already 
described without departing from the scope of the invention. 
Accordingly, the foregoing description is to be construed in 
an illustrative and not in a limitative sense. 

1. A color filter array comprising a plurality of pixels, each 
of the pixels comprising: 

an orange Sub-pixel having a hue within the range of 25 to 
65° in the ab plane of the Lab color space: 

a lime sub-pixel having a hue within the range of 145 to 
185° in said ab plane; and 

a purple Sub-pixel having a hue within the range of 265 to 
305° in said ab plane. 

2. A color filter array according to claim 1 wherein: 
each orange Sub-pixel has a hue within the range of 35 to 

55° in said ab plane; 
each lime sub-pixel has a hue within the range of 155 to 

175° in said ab plane; and 
each purple sub-pixel has a hue within the range of 275 to 

295 in said ab plane. 
3. A color filter array according to claim 2 wherein: 
each orange Sub-pixel has a hue within the range of 40 to 

50° in said ab plane; 
each lime sub-pixel has a hue within the range of 160 to 

170° in said ab plane; and 
each purple sub-pixel has a hue within the range of 280 to 

290° in said ab plane. 
4. A color filter array according to claim 1 wherein each 

pixel further comprises a white sub-pixel. 
5. A color filter array according to claim 1 wherein, for each 

of the orange, line and purple sub-pixels, thea and b* coor 
dinates satisfy the relationship: 

6. A color filter array according to claim 5 wherein, for each 
of the orange, line and purple sub-pixels, thea and b* coor 
dinates satisfy the relationship: 

7. A color filter array according to claim 1 wherein the 
angles between the orange, lime and purple Sub-pixels in the 
ab plane all fall within the range of 120+5°. 

8. An electro-optic display provided with a color filter 
according to claim 1. 

9. An electro-optic display according to claim 8 having an 
electro-optic medium which is reflective, such that light 
passes through the color filter, is reflected from the electro 
optic medium, and passes back through the color filter to an 
observer. 
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10. An electro-optic display according to claim 8 wherein 
each orange sub-pixel has a hue within the range of 35 to 55° 
in said ab plane; 

each lime sub-pixel has a hue within the range of 155 to 
175° in said ab: plane; and 

each purple sub-pixel has a hue within the range of 275 to 
295 in said ab plane. 

11. An electro-optic display according to claim 10 wherein: 
each orange Sub-pixel has a hue within the range of 40 to 

50° in said ab plane; 
each lime sub-pixel has a hue within the range of 160 to 

170° in said ab: plane; and 
each purple sub-pixel has a hue within the range of 280 to 

290° in said ab plane. 
12. An electro-optic display according to claim 8 wherein 

each pixel further comprises a white sub-pixel. 
13. An electro-optic display according to claim 8 wherein, 

for each of the orange, line and purple Sub-pixels, thea and 
b* coordinates satisfy the relationship: 

14. An electro-optic display according to claim 13 wherein, 
for each of the orange, line and purple Sub-pixels, thea and 
b* coordinates satisfy the relationship: 

15. An electro-optic display according to claim 8 wherein 
the angles between the orange, lime and purple Sub-pixels in 
the ab plane all fall within the range of 120+5°. 

16. An electro-optic display according to claim 8 wherein 
the electro-optic material comprises a rotating bichromal 
member or electrochromic material. 

17. An electro-optic display according to claim 8 wherein 
the electro-optic material comprises an electrophoretic mate 
rial comprising a plurality of electrically charged particles 
disposed in a fluid and capable of moving through the fluid 
under the influence of an electric field. 
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18. An electro-optic display according to claim 17 wherein 
the electrically charged particles and the fluid are confined 
within a plurality of capsules or microcells. 

19. An electro-optic display according to claim 17 wherein 
the electrically charged particles and the fluid are present as a 
plurality of discrete droplets Surrounded by a continuous 
phase comprising a polymeric material. 

20. An electro-optic display according to claim 17 wherein 
the fluid is gaseous. 

21. An electronic book reader, portable computer, tablet 
computer, cellular telephone, Smart card, sign, watch, shelf 
label or flash drive comprising a display according to claim 8. 

22. A method of converting an RGB image for display on a 
display according to claim 12, the method comprising, for 
each pixel: 

(a) estimating the cyan, magenta and yellow values corre 
sponding to the RGB values: 

(b) determining the lowest of the cyan, magenta and yellow 
values estimated in step (a), and Subtracting this lowest 
value from each of the cyan, magenta and yellow values 
estimated in step (a) to provide modified cyan, magenta 
and yellow values; 

(c) determining the lowest of the red, green and blue values, 
and adding this lowest value to the modified cyan, 
magenta and yellow values calculated in step (b) to 
produce final cyan, magenta and yellows values C. M 
and Y respectively; 

(d) obtaining the Orange, lime and purple values using 
weighted averages of the red and yellow, green and cyan, 
and blue and magenta values respectively; and 

(e) setting the white value to a weighted average of the 
lowest of the red, green and blue values and the lowest of 
the final cyan, magenta and yellows values C. MandY. 

c c c c c 


